Orthopyroxene sillimanite quartz granulites of Ganguvarpatti (GVP) from the northern Madurai Block in southern India record ultrahigh temperature (UHT) metamorphism and complex exhumation history. Orthopyroxenes in different textural setting in the GVP rocks shows marked variation in Al 2 O 3 and X Mg contents. Inclusions, cores of porphyroblasts and some of the discrete grains in the matrix possess the highest Al 2 O 3 contents (8.5 9.4 wt%). Orthopyroxenes occurring as fine to medium grained symplectitic intergrowths with cordierite show Al 2 O 3 values ranging from 7.6 8.2 wt%. Those which form symplectites with sapphirine have intermediate Al 2 O 3 values (6.9 7.5 wt%) while orthopyroxenes associated with spinel possess values between 7.3 7.5 wt%. Late orthopyroxene rim on biotite shows the lowest Al 2 O 3 range between 5.9 6.5 wt%. Orthopyroxenes from various textural associations define distinct P T slots in the Al in orthopyroxene thermometry based on the X Mg -X Al isopleths. Thus, orthopyroxene porphyroblasts and inclusions yield temperatures around 1050°C and pressure above 10 kbar. Orthopyroxene composition in orthopyroxene cordierite symplectite yields temperatures of 950 990°C at pressure above 8 kbar and those associated with sapphirine and spinel symplectites show 850 900°C at a pressure around 8 kbar. The late orthopyroxene rim around biotite yields temperatures around 850°C at 6 kbar. The UHT conditions attained by these rocks are also corroborated by garnet orthopyroxene thermometry, which provides an upper estimate of 1050 ± 50°C. The GVP rocks preserve a series of mineral reactions indicating ultrahigh temperature decompression. The reaction textures when evaluated in KFMASH petrogenetic grid indicate two stages of isobaric cooling and decompression, suggesting a complex exhumation history. The textures and mineral reactions observed in this study in conjunction with the available age data suggest that the multistage exhumation of the UHT rocks in Ganguvarpatti could be related to the orogenic events involving continent collision, crustal thickening and extensional collapse accompanying the step wise suturing of Gondwana supercontinent during the late Neoproterozoic.
Introduction
Models on high grade metamorphism and deep crustal processes have undergone radical changes after the proposal of the concept of extreme crustal metamorphism at ultrahigh temperature conditions (Harley, 1998) . Granulite facies assemblages formed at temperatures of 800 1100°C and pressures of 7 13 kbar have been grouped as ultrahigh temperature (UHT) rocks. Granulite facies rocks characterized by UHT assemblages have been reported from a number of high grade crustal segments in the world including Napier Complex of East Antarctica, Eastern Ghats Belt in India, Ouzzal Complex of Algeria, among other terranes (Harley, 1998 and references therein) . Recently, UHT rocks have also been documented from the high grade metamorphic terrane of Highland Complex in Sri Lanka (Osanai et al., 2000; Sajeev and Osanai, 2002; 2004) . In southern India, UHT granulites occur in Ganguvarpatti (Grew, 1982; Mohan et al., 1986; Hensen, 1988; Sajeev et al., 2001; 2004) , Panrimalai (Grew, 1984) and Perumalmali (Sivasubramanian et al., 1991; Brown and Raith, 1996; Raith et al., 1997) . Recently, Tsunogae and Santosh (2003) reported sapphirine and corundum bearing granulites from Karur, close to the Palghat Cauvery Shear System. Among the various studies above, ultrahigh temperature conditions were recorded only by Brown and Raith (1996) and Raith et al. (1997) from the sapphirine bearing granulites of Perumalmali, Sajeev et al. (2001; 2004) from Ganguvarpatti and Tsunogae and Santosh (2003) from Karur. Apart from this Satish Kumar (2000) have also recognized evidence for high metamorphic temperatures in Madurai Block, through graphite calcite thermometry in marbles.
UHT metamorphic rocks are characterized by several typical textural and chemical features such as: (1) sapphirine quartz direct association (2) presence of osumulite garnet assemblage (3) orthopyroxene sillimanite quartz association (4) spinel quartz direct association (5) presence of aluminous orthopyroxene or high fluorine phlogopite in pelitic assemblage, (6) inverted pigeonite in meta ironstones and mafic to intermediate granulites and (7) high fluorine phlogopite and calcic amphiboles in mafic and ultramafic granulites (e.g., Harley, 1985; 1998; Harley and Motoyoshi, 2000; Tsunogae et al., 2002; 2003 and references therein) .
In this study, we report results from a petrological and geothermobarometric investigation of the Opx Sil Qtz granulites from Ganguvarpatti ( Fig. 1 ) and provide evidence for UHT metamorphism from high Al orthopyroxenes. We also evaluate the complex decompression history of these granulites from the Al content in orthopyroxene.
Geological background
Southern India forms the central fragment of the Gondwana supercontinent assembly and comprises an Archean granite greenstone terrain in the north that grades into a granulite facies in the south (Fig. 1) . The southern Proterozoic terrane consists of a number of crustal blocks which accreted on to the Archean craton in the north (Harris et al., 1994) . Two major transcrustal shear systems dissect these blocks, the Achankovil Shear Zone in the south and the Palghat Cauvery Shear System in the north. Available geochronological data indicate multiple tectonothermal events in the granulite blocks and a protracted crustal evolution history, culminating in a major late Pan African (ca. 550 Ma) granulite facies event associated with the collision of continental assemblies and the birth of Gondwana supercontinent (Harris et al., 1994; Jayananda et al., 1995; Bartlett et al., 1998; Santosh et al., 2003) .
The present study area in the Ganguvarpatti village is located in the central part of Madurai Granulite Block and is underlain by granulite facies rocks comprising mostly enderbites, and quartzofeldspathic gneisses. The pelitic gneisses are intercalated with quartzites, aluminous granulites and calc silicate rocks of variable thickness (Fig. 2) . Mineral assemblages within the aluminous layers are often identical to those of khondalites in the Trivandrum block, and consist mainly of garnet, cordierite, sillimanite and spinel. The Opx Sil Qtz granulite at Ganguvarpatti occurs as a thin layer adjacent to highly weathered mafic granulite pelitic gneiss intercalation adjacent to a quartzite ridge in the north. Large garnet and orthopyroxene porphyroblasts are visible in hand specimen, sometimes with coarse coronitic and symplectitic textures.
U Pb electron microprobe ages from monazites and zircons (Santosh et al., in prep.) from the UHT rock and zircon SHRIMP ages (Collins and Santosh, 2004) from quartzites adjacent to the Opx Sil Qtz granulite at GVP indicate Late Archean and Paleoproterozoic sediment source and deposition in the Neoproterozoic. The high grade metamorphism is dated as late Pan African (508.3± 9.0 Ma; Collins and Santosh, 2004) .
Mineral chemistry
Electron microprobe analyses of the representative minerals in GVP rocks are given in Tables 1 7. All the analyses were performed at the Chemical Analysis Center of the University of Tsukuba using an automated JEOL JXA 8621 instrument. The data were acquired under conditions of 15 kV accelerating voltage and data reduction was performed using Oxide ZAF model corrections program. 
Orthopyroxene

Sapphirine:
The sapphirines have intermediate MAS composition between the ideal 2:2:1 and 7:9:3 compositions. X Mg in sapphirine shows only slight variation from 0.73 0.75. Sapphirine has higher X Mg than coexisting orthopyroxene, similar to the feature reported by Harley (1998) from Rauer Group UHT rocks.
Cordierite: X Mg ratios of cordierites from GVP are generally high and lie between 0.85 and 0.89. Although the X Mg range is narrow, the relatively highest X Mg is shown by cordierite that occurs adjacent to resorbed garnet grains. The oxide totals, except in a few cases, are high (> 99 wt%) which indicate low volatile contents as compared to cordierites in the khondalites from southern Kerala (oxide total less than 100% by 4 5%, indicating the presence of channel filling volatiles such as CO 2 and/or H 2 O; Santosh, 1987; Santosh et al., 1993) .
Spinel:
The spinels analyzed in this study are mostly from symplectites formed with orthopyroxene or cordierite. The Biotite: The biotite shows X Mg in the range of 0.67 0.77. The biotites are rich in TiO 2 with values ranging between 3.7 5.7 wt. percent. Biotite occurring as inclusions within garnet shows the highest Ti (0.628 pfu). Biotite with lowest Ti (0.36 pfu) are those adjacent to orthopyroxene + sapphirine symplectitic moats.
Mineral assemblages and reaction textures
Representative mineral assemblages in the GVP granulites are shown in Figure 3 (a d). Mineral abbreviations are after Kretz (1983) . The rocks here show both garnet bearing and garnet absent domains. Sillimanite and quartz occur as tiny inclusions within garnet. reported kornerupine also that occurs within the matrix in garnet present domains. Garnet occurs as large , calculated after charge balance.
+Mg)] R, rim; C, core; I, intermediate zone. Table 3 . Mineral chemistry data on garnet from Ganguvarpatti granulite porphyroblasts (up to 1cm in diameter), partly corroded grains (4 6mm) or as highly resorbed grains (<1mm) (Fig.  3a) . Orthopyroxene occurs in at least five textural settings (Figs. 3 8) . The near peak category occurs as small inclusions within garnet (0.1 0.4mm). The discrete grains in the matrix or cores of the porphyroblasts (up to1cm) are also considered to be near peak orthopyroxene as they preserve similar composition to that of inclusions. The second category forms intergrowth/symplectite with cordierite and the third and fourth types are those that form symplectites with sapphirine and spinel respectively. The fifth category of orthopyroxene is observed as rim around other mafic minerals like biotite. Sapphirine occurs as medium to fine grains (1 0.2mm) in the matrix or as symplectite associations. Cordierite forms moats (1 2 mm), rims around garnet or symplectites with sapphirine, orthopyroxene and spinel. Spinel is usually found in association with orthopyroxene, sapphirine or cordierite mostly as vermicular rib like intergrowths. Discrete grains of spinel also occur in association with orthopyroxene, cordierite and biotite (up to 1mm).
In the garnet absent domains, the mineral assemblage is characterized by Opx + Spr + Crd + Spl + Pl + Kfs + Bt. Orthopyroxene occurs in the matrix as discrete grains as well as within symplectites in association with sapphirine, cordierite and spinel. Similarly, sapphirine also occurs as matrix grains and within symplectites. Cordierite forms large composite grains of up to 5mm. Large flakes of biotite (0.5 to 0.8 cm) in association with spinel and cordierite occur adjacent to discrete grains of Table 4 . Mineral chemistry data on cordierite from Ganguvarpatti granulite orthopyroxene and sapphirine. All the textures described by Mohan and Windley (1993) and from GVP are also identified in this study. Kornerupine, considered as a retrograde assemblage is absent in our samples. A brief description of the various orthopyroxene bearing reaction textures inferred from assemblages in the GVP rocks is given below. The stage of formation of each variety of orthopyroxene (shown in bold letters) and its Al 2 O 3 content are given within parenthesis in the mineral reactions.
Large garnet grains containing inclusions of early orthopyroxene, quartz and tiny needles of sillimanite are rimmed by cordierite (Fig. 4a) . These garnet grains also contain tiny needle like inclusions of sillimanite. The composition of this orthopyroxene is similar to that of porphyroblasts in the matrix. also observed sillimanite and quartz in association with orthopyroxene within garnet in GVP samples, suggesting the FMAS univariant reaction:
Sil + Qtz + Opx (1, 8.5 9.4) = Grt + Crd (1).
Some of the garnet grains carry spectacular corona of cordierite orthopyroxene symplectite (Figs. 3d, 5a and 6b) indicating the following reaction:
, calculated after charge balance. Table 5 . Mineral chemistry data on spinel from Ganguvarpatti granulite Grt + Qtz = Opx (2, 7.6 8.2) + Crd (2).
Similar reaction was described by Raith et al. (1997) from sapphirine bearing granulites of Palni Hills, where the coarse dactylitic symplectite domains of orthopyroxene and cordierite and their coronitic outer rims are been inferred to form through the above FMAS reaction. A series of garnet breakdown reactions are observed in the GVP granulites. Composite symplectites of sapphirine, orthopyroxene and cordierite (Figs. 3a c and 6b) , as well as orthopyroxene, spinel and cordierite (Figs. 4b, 5a , b and 7) and corona of cordierite (Fig. 6a ) mantle partly resorbed garnet grains indicating the following garnet breakdown reactions: Grt = Spr + Opx (3, 6.9 7.5) + Crd (3) Grt = Spl + Opx (4, 7.3 7.5) + Crd (4).
Both reactions were also reported in an earlier study by Mohan and Windley (1993) from GVP. Harley (1998) described reaction similar to (3) above from Rauer Group granulites of East Antarctica where strongly resorbed garnets are rimmed by vermicular symplectites involving orthopyroxene and cordierite, or are rimmed by fine symplectites of spinel suggesting limited progress of the FMAS reaction. Textures similar to reaction (2) above were also described by Raith et al. (1997) from sapphirine granulites of Palni Hills, where lamellar intergrowths of orthopyroxene and sapphirine with fan like orientation and minor cordierite along the edges occur adjacent to ragged garnet grains. Biotite is a common retrograde mineral in the GVP rock, and the biotite forming reaction generally involves the breakdown of low Al orthopyroxene and spinel assemblage to coarse biotite associated with cordierite and spinel (Fig. 8) according to the following reaction:
Opx (3, 6.9 7.5) + Spr + Kfs = Bt + Crd + Spl (5).
Sajeev at al. (2004) also described the above reaction from GVP rocks and observed coarse intergrowths of biotite, spinel and cordierite adjacent to orthopyroxene porphyroblasts. Biotite flakes are sometimes seen to rim sapphirine and orthopyroxene. In quartz bearing domains, late orthopyroxene forms as rims on biotite, representing the late breakdown of biotite:
Bt + Qtz + Pl = Opx (5, 5.9 6.5 ) + Crd + Kfs + H 2 O. (6).
P T conditions
P T conditions from geothermobarometry
The mineralogy of GVP rocks provides a number of equilibrium assemblages that are suitable for the estimation of temperature and pressure conditions of the high grade metamorphism through the application of experimental and empirical mineral phase equilibria thermobarometry. Peak temperature estimates were derived from garnet orthopyroxene thermometry based on various experimental and empirical calibrations which corroborate the values derived from Al in orthopyroxene thermometry (see below). The highest temperature estimate of 1100°C was obtained from the calibration of Sen and Bhattacharya (1984) . Upper temperature estimates of 935°C and 1045°C were obtained from the methods of Harley (1984) and Lee and Ganguly (1988) respectively. Temperature computation based on sapphirine spinel assemblage following Total Fe as FeO. Table 6 . Mineral chemistry data on plagioclase from Ganguvarpatti granulite the method of Owen and Greenough (1991) gives slightly lower values (highest at 903°C) than the above estimates. The spinel cordierite symplectite in the GVP rocks provides another equilibrium assemblage for thermometry. Vielzeuf (1983) calibrated this thermometer based on empirical estimates of entropy and enthalpy using available data from natural mineral pairs. In the present case, the computation yields temperatures of 950 ± 50°C. The biotite-orthopyroxene thermometer (893.7 ± 30°C) of Sengupta et al. (1990) and the sapphirine-spinel thermometer (775.5 ± 50°C) of Owen and Greenough (1991) , yield lower temperatures at a reference pressure of 9 kbar.
Pressures to define the P T boxes in Figure 9 for the various orthopyroxene associations were derived from computations using garnet orthopyroxene plagioclase quartz barometer. Reference temperatures were fixed based on Al in orthopyroxene for each category. For garnet orthopyroxene plagioclase quartz barometry, the methods of Rollinson (1981) and Perkins and Chipera (1985) were adopted. The megacrystic orthopyroxene grains in the matrix provide the highest pressures in the range of 9.3 10.6 kbar; those occurring as rims show 8.8 to 9.3 kbar. The relatively lowest pressure estimates come from orthopyroxenes occurring within symplectites with values ranging from 8.6 to 8.9 kbar. The various categories of orthopyroxenes the GVP granulites thus trace a P T range from 920 1050 °C and 8.6 to 10.6 kbar for the granulite facies event.
Total Fe as FeO. Table 7 . Mineral chemistry data on biotite from Ganguvarpatti granulite Pressure estimates from garnet cordierite sillimanite quartz barometry yield a range of 5.0 5.4 kbar based on the method of Harris and Holland (1984) . The calibration by Newton (1987) provides comparable values of 5.5 5.8 kbar. These results indicate that following the UHT conditions at ca. 10 11 kbar, the rocks were rapidly exhumed down to pressures of the order of 5 6 kbar.
P T conditions from orthopyroxene composition
We derive the peak temperature conditions and evolution of the GVP rocks following the method of Al in orthopyroxene thermometry based on the X Mg -X Al isopleths of Hensen and Harley (1990) and Al 2 O 3 isopleths (Harley and Motoyoshi, 2000) . From the reaction textures described above, garnet is in equilibrium with orthopyroxene in the near peak condition only. Figure 10 shows the compositional variations in five different categories of orthopyroxenes from GVP with varying Al and Mg content, that define distinct P T slots in the isopleth diagram. Thus, orthopyroxene porphyroblasts and inclusions yield temperatures around 1050°C and pressure above 10 kbar. Orthopyroxene composition in orthopyroxene cordierite symplectite yields temperatures of 950 990°C at pressure above 8 kbar and those associated with sapphirine and spinel symplectites show 850 900°C at a pressure around 8 kbar. The late orthopyroxene rim around biotite yielded a temperature around 850°C at around 6 kbar.
Recently, Harley and Motoyoshi (2000) proposed a revised calibration based on the petrogenetic grid of McDade and Harley (2001) which offer more reliable estimates. Figure 11A shows the Al 2 O 3 vs. X Mg plot for all the five generations of orthopyroxenes and 11B represents the inferred evolution of the rocks in the KFMASH system. A combination of all the available data on Al in orthopyroxene from GVP rocks indicates two stages of Multistage orthopyroxene formation in the UHT granulites of Ganguvarpatti, southern India isobaric cooling and decompression (Fig. 11B) . The initial IBC on the high pressure side of spinel biotite invariant point is interpreted from the Al 2 O 3 content reported by .
Discussion
The application of Al in orthopyroxene thermometry based on the Al 2 O 3 isopleths in the present study provides conclusive evidence for ultrahigh temperature conditions and multistage evolution for the GVP granulites with temperatures above 1050°C at pressures around 10 to 11 kbar. The UHT conditions attained by these rocks are also corroborated by garnet orthopyroxene thermometry, which provides an upper estimate of 1050 ± 50°C. The various orthopyroxene associations within the rock with distinct Al 2 O 3 and Mg contents trace the thermal history of UHT metamorphism down to 880°C and 6 7 kbar. reported highest Al 2 O 3 content (9.0 10.7 wt.%) in orthopyroxenes that occur as inclusions within garnets, although a precise interpretation of the various stages of evolution based on the variation of Al in orthopyroxene was not given. estimated temperatures of 1050°C and pressures of 11 kbar for the GVP rocks using mineral phase equilibria geothermobarometers and showed that these estimates are consistent with the mineral reactions and assemblages within petrogenetic grids. The Al variation pattern could be an evidence for early isobaric cooling from the sapphirine quartz field similar to the evolution proposed for UHT rocks from Sri Lanka by Sajeev and Osanai (2002; 2004) . These observations and the results from the present study show that Al content in orthopyroxenes occurring in different associations within UHT rocks can be used as an important monitor of peak temperatures as well as changing thermal regimes.
In an earlier study from GVP, Mohan and Windley (1993) , synthesizing several detailed investigations in previous studies by A. Mohan and colleagues, also recorded a number of decompression reactions from GVP rocks similar to the observations in present study. They also reported garnet breakdown textures producing Opx Crd Spr and Opx Crd Spl. In garnet absent domains, Mohan and Windley (1993) recorded the reaction of Spr and Opx to produce Spl and Crd. The recent studies by Sajeev et al. (2002; 2004 ) also recorded a series of mineral reactions indicating the early and late evolutionary histories of the sapphirine granulites from GVP. They considered the formation of Grt and Crd from Opx, Sil and Qtz as the earliest reaction. Opx, Sil and Qtz reacted to produce Crd as represented by the coexistence or large porphyroblastic grains of Opx and Crd adjacent to Grt, the absence of Sil attributed to its complete consumption. The Grt breakdown reactions to produce Opx, Spr, Crd and Spl recorded by are identical to those found in our study. However, also reported kornerupine from the GVP rocks formed by the reaction of Spr, Opx and Crd, although this reaction was noted only in local domains and was proposed to be of late retrograde nature. In a detailed study on sapphirine bearing granulites from Perumalmali within the Palni Hills, southern India (about 25 km northwest of the present study area), Raith et al. (1997) reported evidence for ultrahigh temperature metamorphism. Here, sapphirine bearing Mg Al granulites occur in a small enclave of migmatitic metapelites within massive enderbitic orthogneiss. Raith et al. (1997) identified that the multiphase reaction textures preserved in this rock partially overprint coarse grained high pressure assemblage of Bt + Opx + Ky + Grt + Pl + Qtz. The ultrahigh temperature assemblage in this rock is characterized by Opx + Crd + Kfs + Spr ± Sil + Grt + Qtz + Bt (+ melt) formed at 950 1000°C and 10 11 kbar. Raith et al. (1997) recorded a sequence of symplectitic assem- blages in these rocks, developed at the expense of garnet, orthopyroxene and sillimanite. These include Opx + Sil + Spr/Spr + Crd, Opx + Spr + Crd, Opx + Crd, Opx + Crd + Spl/Crd + Spl. These reactions were considered to represent near isothermal decompression. Ultrahigh temperature granulites from other terranes also record a series of mineral reaction textures, in some cases implying rapid decompression. Harley (1998) reported ultrahigh temperature metamorphic conditions from Opx + Sil ± Qtz, Grt + Sil ± Qtz and Grt + Opx ± Sil bearing granulites from the Rauer Group in East Antarctica. The orthopyroxenes are highly aluminous with Al 2 O 3 ranging from 7.5 to 10.6 wt%. The peak metamorphic conditions were estimated at 1050°C and 12 kbar. Isothermal decompression from 12 kbar up to 8 kbar was recorded in these rocks resulting in the formation of extensive coronas and symplectites of Spr, Opx and Crd on earlier phases.
The nature of exhumation of the GVP rocks can be considered from the combined pressure temperature data. The peak pressure temperature windows are defined by Al in orthopyroxenes, in conjunction with Grt Opx thermometry and Grt Opx Pl Qtz barometry, as discussed in an earlier section. The inferred early reaction in these rocks involving Opx, Sil and Qtz to produce Grt and Crd, as also proposed by indicates an initial isothermal decompression. This is followed by further steep decompression involving the breakdown of garnet to Opx, Spr, Crd and Spl. The pressure temperature windows defined from various geothermobarometers involving these assemblages also indicate a decompression path (cf. Fig. 9 ). We estimate that the isothermal decompression, which started at around 10 11 kbar, continued up to 5 6 kbar. identified initial decompression from ultrahigh temperature conditions, similar to the present case, although they also identified a subsequent isobaric cooling history following the initial decompression, until the appearance of late biotite and kornerupine. This was followed by a late second stage isothermal decompression. thus defined a multistage metamorphic evolution history for the ultrahigh temperature granulites of Ganguvarpatti. Similar proposal was also made in an earlier study by Raith et al. (1997) for the ultrahigh temperature granulites of Perumalmalai in Palni Hills, southern India. The P T path obtained in the present study based on the Al content of orthopyroxene also clearly identifies a multistage evolution. Although the compositional change in orthopyroxenes within various associations shown in Figure 11 indicates a minor cooling component, the major part of the exhumation history of GVP rocks was dominated by rapid uplift.
Isothermal decompression of ultrahigh temperature rocks has been variably interpreted in terms of their tectonic scenario. Harley (1998) proposed that collisional tectonism resulted in the syn post deformational decompression from 12 kbar up to 5 6 kbar while maintaining high temperatures in the Rauer Group granulites of East Antarctica. Mohan and Windley (1993) interpret the clockwise trajectory and isothermal decompression textures in Ganguvarpatti granulites to be related to crustal thickening due to collision tectonics followed by uplift and collapse of the thickened crust. Raith et al. (1997) correlated the early textures and reactions in the Perumalmalai ultrahigh temperature rocks to an extended granulite terrain in the north with evidence for early Proterozoic magmatic accretion. The near isothermal decompression in these rocks was correlated to a second stage tectonothermal event during the Pan African. They proposed that the exhumation of these granulites from mid crustal levels occurred only after a prolonged period of crustal residence.
Our study confirms the evidence for ultrahigh temperature metamorphism of Ganguvarpatti granulites reported for the first time by Sajeev et al. (2001; 2004) , and corroborates the extreme crustal metamorphism of granulites in the northern Madurai Block proposed in recent studies (Raith et al., 1997; Tsunogae and Santosh, 2003) . The multistage exhumation path of the GVP rocks may be a reflection of the continental collision, crustal thickening and extensional collapse accompanying the assembly of Gondwana supercontinent during the Pan African. Recent concepts on the formation of Gondwana visualize a complex series of tectonothermal events spanning the interval from 750 to 530 Ma during the formation of Gondwanaland (e.g., Meert, 2003) . At least two main periods of orogensis can be identified within East Gondwana. The first one is the 750 620 Ma event referred to as the East African orogeny and the second major phase is the 570 530 Ma orogenesis termed as the Kuunga orogeny during which the final suturing of Gondwanaland occurred. It is possible that the extreme crustal metamorphism and the complex and multiphase exhumation paths shown by the UHT rocks in Madurai Block such as those at Ganguvarpatti and Palni resulted from the collisional and extensional regimes attending the Figure 10 . X Mg X Al isopleth of Hensen and Harley (1990) representing the pressure temperature conditions of Ganguvarpatti granulites. step wise suturing of the Gondwana supercontinent.
